The prime objective in the surgical treatment of basilar impression (BI), Chiari malformation (CM), and/or syringomyelia (SM) is based on restoration of the normal cerebrospinal fluid (CSF) dynamics at the craniovertebral junction and creation of a large artificial cisterna magna, avoiding the caudal migration of the hindbrain. It is observed that a large craniectomy might facilitate an upward migration of the posterior fossa structures. There are many surgical techniques to decompress the posterior fossa; however, a gold standard approach remains unclear. The authors present the results of 192 cases of BI, CM, and SM treated between 1975 and 2008 and whose surgical treatment was characterized by a large craniectomy without tonsillectomy with the patient in the sitting position, large opening of the fourth ventricle, and duraplasty.
Basilar impression (BI), Chiari malformation (CM), and syringomyelia (SM) are the most frequent malformations at the craniovertebral junction. BI was originally described by Ackermann 1 (1790) in Cretins from the Alps. At that time, he described the small size of the posterior fossa, the elevation of the clivus, and the projection of the border of the foramen magnum into the posterior fossa. In 1857, Virchow 2 introduced the term platybasia and in 1876 3 the denomination "basilar impression. " Chiari 4, 5 (1891, 1895) described four types of cerebellar anomalies. Type I was characterized by downward displacement of the cerebellar tonsils and the medial portion of the inferior cerebellar lobes, which accompanied the medulla into the cervical spinal canal. Type II showed downward displacement of the portions of the cerebellum (1891), and portions of the inferior vermis (1895), pons, medulla, and, at least, a part of the lengthened fourth ventricle, which reached the disc C4-C5, into the enlarged cervical spinal canal. In type III, the hydrocephalic cerebellum, pons, and medulla were inside a cervical meningocele (hydroencephaloceles cerebellaris cervicalis), through a spina bifida of the first three cervical vertebrae. In type IV, there is hypoplasia adhesions, and large opening of the foramen of Magendie, and, finally, a dural grafting was performed with the use of fascia lata in 6 cases, liophilizated dura mater in 1 case, bovine pericardium in 7 seven other cases, and dura mater conserved in glycerin in 158 cases. The operation description did not mention the type of dural grafting in 19 cases and, finally, the arachnoidal membrane was not opened in 53 cases.
RESULTS
The clinical symptoms observed in the pre-and postoperative examination are summarized in Table 1 , the clinical signs in Table 2 , and the surgical findings in Table 3 . The data of 23 (12%) patients without follow-up and 13 (6.7%) patients who died were excluded in Tables 1 and 2 . All the cases were followed with clinical studies for a mean of 1 month to 32 years. The age at surgery ranged from 2 to 66 years, with a mean of 33.4 years.
The authors observed that 176 cases out of 191 patients were associated with BI, 179 cases were associated with herniation of the cerebellar tonsils as exemplified in the Figs 1 to 3, 48 cases were associated with herniation of the brainstem, 26 cases were associated with SM, 2 cases were associated with syringobulbia, and 16 patients presented a communication between the fourth ventricle and the hydromyelic cavity. As to SM and/or CM cases, the authors observed 35 cases of blockage of the foramen of Magendie. Regarding the family occurof the cerebellum without herniation of cerebellar structures into the spinal canal.
With respect to SM, Simon 6 introduced the term hydromyelia to designate the dilation of the ependymal canal by cerebrospinal fluid (CSF) and kept the term SM related to cavities that developed independent of the central canal of the spinal cord. It has been unanimously agreed, in the literature, that both are different stages of the same pathological process. However, Finlayson 7 stated that hydromyelia is considered to be a congenital disturbance due to an incomplete regression of the fetal ependymal canal, whereas SM can be congenital or acquired.
The high prevalence of BI associated with CM in the Northeast of Brazil was reported by many authors [8] [9] [10] [11] [12] , although there is no suitable known reason for this fact.
The main objective of this paper was to analyze the surgical results obtained with the use of a large craniectomy without tonsillectomy with the patient in the sitting position in 192 cases of BI, CM, and/or SM.
METHOD
This study is based on a retrospective review of 192 patients -117 men and 75 women with occipitovertebral malformation. One patient was excluded because the dura mater could not be technically opened during the surgery and the presence of tonsillar herniation was not possible to be determined. About 164 cases (85.8%) of BI and CM, 12 (6.2%) cases of BI only, and 15 (7.8%) cases of CM only were observed. There were 26 cases (13.5%) of SM associated with BI and/or CM and 5 other cases associated with hydrocephalus.
This study was approved by the Ethics Committee of the Hospital Unimed, João Pessoa-PB, Brazil.
One of the most important diagnostic tools was the neurological examination associated with some radiological methods.
The radiological methods were based on x-ray of the skull to analyze the Chamberlain and McGregor's lines to try to diagnose the presence of BI. MRI was not available for most of the patients, with exception of the last three cases -MRI was performed after surgery in two cases and pre-and postoperative MRI was performed in the third case.
Myelography was performed in many patients with the use of a contrast agent to analyze the level of the craniovertebral junction. In cases of CM, it may take the shape of an open C 9, 13 , which is not a pathognomonic sign of CM. Ventriculography may confirm CM when it depicts an elongated fourth ventricle and downward migration of the cerebellar tonsils 8, 9, 13 . As to the surgical technique, the patients underwent osteodural decompression without tonsillectomy with large suboccipital craniectomy associated with laminectomy varying from C1 to C3 level depending on the tonsillar herniation, dural opening in Y format, dissection of the arachnoidal of the right PICA and a left hypoplastic PICA in one case, and, finally, looping sign of both PICAS in 66 cases.
DISCUSSION
Many theories have been presented in an attempt to explain the origin of CM. Experimental models, using vitamin A as a teratogen agent in hamsters, were used to try to explain the genesis of craniovertebral malformations. MarinPadilla 14 has demonstrated that CM I may be essentially a primary para-axial mesodermal insufficiency occurring after the closure of the neural folds. According to that theory, a small posterior fossa induced by an underdeveloped occipital bone would be the prime factor in the formation of the hindbrain herniation. The cerebellum grows more rapidly after birth than small posterior fossa, resulting in a disproportion between the developing hindbrain and the posterior fossa, and, consequently, a caudal migration of the cerebellar tonsils into the cervical canal is produced 14 . The neurological examination was one of the most important tools to make the diagnosis of BI, CM, and SM, as summarized in Table 1 . One of the most uncommon signs in BI was fasciculation as described by Raupp et al. 15 The authors emphasized the compression-ischemic etiology and ruled that Pozo et al. described one similar associated with BI. We have observed three patients with fasciculation in our present paper and four other cases in a recently published paper 16 . A comparative study of symptoms in isolated cases of BI and CM showed that in BI the association of motor and rence of BI, the authors found three couples of relatives in the work: brother and sister, two sisters, and mother and son.
The downward displacement of the herniated tonsils varied from the level of the end of C1 to the end of C4, being 26 cases of the caudal migration in C1, 43 cases in C1 and C2, 13 cases in C1 and C3, 27 cases in C2, 27 cases in C2 and C3, 6 cases in C3, and, finally, 8 cases in the level of C3 and C4.
The vascular network anomalies in 83 cases were characterized by the absence of the posterior inferior cerebellar artery (PICA) on the right side and another case on the left side, absence of both PICAS in four cases, a left hypoplastic PICA in two cases, a left missing PICA and a right large PICA in four cases, a left and right hypoplastic PICA in two cases, a left hypoplastic and a right large PICA in two cases, absence In one patient the dura mater was not opened . Other surgeons 11, 17, [26] [27] [28] recommend the dissection of the arachnoid adherences of the tonsils and vessels and opening of the fourth ventricle. They recommend tonsillectomy as a protection against slump, eliminating the compressive effect over the medulla and spinal cord, as described by Williams 20 . It also contributes to the creation of a large artificial cisterna magna, which can facilitate an upward migration of the hindbrain structures, as we recently published a report of 104 cases 16 in whom a large artificial cisterna magna was created and an upward migration of the posterior fossa structures was depicted by the postoperative MRI. Batzdorf 27 recommends lightly diathermying of the pia mater over the surface of the tonsils. Williams 20 , however, admitted that creating an artificial cisterna magna is more efficient than a substantial removal of the cerebellar tonsils, causing no morbidity after the evacuation.
Iskandar et al. 29 reported on five pediatric cases of SM without hindbrain herniation. All patients improved after undergoing posterior fossa decompression. Kyoshima et al. 30 described four similar cases with a good recovery of the patients after the decompressive operation. The authors named the cisterna magna filled by the tonsils as "tight cisterna magna" and designated Iskandar's description as "Chiari O malformation".
Not only the cerebellar tonsils but also the brainstem and cerebellum have a tendency to migrate downward in the sitting position. The authors observed, during the surgery, herniation of the cerebellar tonsils in 179 (93.7%) patients and downward migration of the brainstem in 48 (25.1%).
SM was observed in 26 (13.6%) patients, of which there was communication between the fourth ventricle and the hydromyelic cyst in 16 (8.3%). Syringobulbia was detected in only two (1%) patients. Blockage of the foramen of Magendie was observed in 35 (18.3%) patients, mainly caused by the presence of a dense membrane or adhesions between the tonsils. Gardner and Goodall 17 described in many cases obstruction of the foramen of Magendie by a membrane representing an unperforated rhombic roof.
The vascular network anomalies in 83 (43.4%) cases were characterized by the missing of the PICA on the right side and another case on the left side, absence of both PICAS in 4 cases, a left hypoplastic PICA in 2 cases, a left missing PICA and a large right in 4 cases, a left large PICA and a right hypoplastic in 2 cases, a left hypoplastic and a right large PICA in 2 cases, absence of the right PICA and a left hypoplastic in 1 case, and, finally, looping sign on the PICAS in 66 cases.
As to postoperative complications, transient respiratory distress syndrome was observed in seven patients, which resulted in death in four of them. In six cases of CSF fistula, four were transient, one associated with hydrocephalus underwent a ventriculoperitoneal shunt with complete closure of the CSF leakage, and, finally, one patient died due to meningitis. The authors observed one patient with sensory disturbances is the most frequent, while in CM cases, the cerebellar and vestibular signs predominate with the involvement of the lower cranial nerves 9, 16 . Regarding the surgical technique, all 192 patients of our work were operated in the sitting position. Gardner and Goodall 17 used this type of position for the surgical treatment of 13 out of 17 patients with CM.
Because of the small size of the posterior fossa caused by BI and/or CM, especially when both anomalies are present, the authors performed a large craniectomy that extends cranially to the transverse sinuses, frequently situated lower than those in normal people, and laterally to 3-4 cm from the midline. The large opening is to try to increase the volume of the posterior fossa and to create a large artificial cisterna magna, which is commonly absent in cases of hindbrain herniation and may facilitate an upward migration of the herniated portions of the cerebellum and brainstem.
Batzdorf 18 and Duddy and Williams 19 admitted that a small craniectomy, on the other side, has been emphasized to avoid the "slump" of the hindbrain into the craniectomy. This slump would perpetuate the craniospinal pressure dissociation at the craniovertebral junction and could be the main cause of poor long-term clinical results 20 .
Duddy and Williams

19
, however, using a small craniectomy, revealed a frequent downward migration of the cerebellum and brainstem and pointed that as a cause for poor results. These authors observed a downward migration of the posterior fossa structures in 53% of their patients, whereas no change was noticed in 41% and cranial migration of the hindbrain was observed in only one patient.
Sahuquillo et al. 21 compared the results obtained in 10 cases in which a small craniectomy was performed with other 10 patients that underwent an extensive craniectomy. An upward migration of the cerebellum and brainstem was observed in all of the last patients, while in those patients in which a small craniectomy was performed, there was a downward migration in seven of them.
On the other side, Gonçalves da Silva et al. 16 using a large craniectomy with the patient in the sitting position, tonsillectomy, large opening of the fourth ventricle, and duraplasty with creation of a large artificial cisterna magna in 104 cases of BI, CM, and/or SM observed a significant upward migration of the posterior fossa structures.
The volume of the posterior fossa is reduced in cases of BI and/or CM as first described by Ackermann 1 . In recent times, however, some authors 22,23 using x-ray, computed tomography, and MRI have also demonstrated that the posterior fossa volume, in the presence of BI and CM, is smaller than those observed in normal people. Milhorat et al. 24 verified a decrease of 13.4 mL in the total volume of the posterior fossa and 40% (10.8 mL) in the CSF volume of this region.
As to the cerebellar tonsils, the majority of the neurosurgeons 10,12,18,21-26 leave them intact, performing just the opening overdrainage of the ventriculoperitoneal valve, one had a massive gastrointestinal bleeding, and, finally, two cases with CSF fistula associated with severe meningitis. Despite the lack of modern diagnostic tools and presence of intensive care unit just for few patients (34.8%), the positive clinical outcome of the majority of the cases can almost entirely justify the author's approach of this kind of neurosurgical disorder.
ACKNOWLEDGMENTS
This paper is dedicated to Clemente Augusto de Brito Pereira, MD, PhD, São Paulo.
hypertensive cerebral hemorrhage who died. A case of brachial diplegia caused by incomplete laminectomy of C1 and compression of the spinal cord was observed and the patient underwent reoperation and presented total recovery after two months. The authors detected other complications such as hiccups in two cases -from these one lasted one day and the other two days -seven cases of hallucination lasted one to eight days, pneumonia in two patients, and, finally, superficial wound infections in three cases with complete recovery of all of them.
The postoperative mortality was 6.7% (13 patients). Seven patients had sudden respiratory distress and apnea, two had a hypertensive cerebral hemorrhage, one had a bilateral subdural hematoma with recurrence provoked by
